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OBJECTIVE AND INTRODUCTION 
The objective of this program is to synthesize and deliver 10 kg 
quantities each of nine amorphous and well-characterized poly(alky1 vinyl 
ether) elastomers from the following commercially-available vinyl ether 
monomers: methyl vinyl ether, ethyl vinyl ether, n-propyl vinyl ether, 
- n-butyl vinyl ether, isobutyl vinyl ether, n-hexyl-vinyl ether, phenyl 
vinyl ether, n-decyl vinyl ether, and n-hexadecyl vinyl ether. 
polymers were-to be prepared in an amolphous a state as possible by the 
utilization of relatively high reaction temperatures (35"-120") and the 
specific catalyst system, aluminum hexahydrosulfate heptahydrate. Such 
polymers are desired for a fundamental study of the visco-elastic state. 
The criterion for an amorphous polymer is room-temperature solubility in 
methyl ethyl ketone ( M E K ) .  It is recognized with the long-chain alkyl 
members of the series (n-decyl and over) tend to form with side-chain 
crystallization, although the backbone may be amorphous. The desired 
molecular weight range for each member is characterized by inherent 
viscosity and by light-scattering molecular weight, as well as by 
spectral methods. 
The 
1 
DISCUSSION 
CATALYST SYSTEM 
The c a t a l y s t  system s p e c i f i e d  f o r  t h i s  program i s  t h e  aluminum hydro- 
s u l f a t e / N u j o l  system, A12(S04)3'H2S04, coded AHS. 
prepared s e v e r a l  t imes according t o  t h e  procedure of L a l ,  e t  a1.J; A 
- ca.  5-micron d i s p e r s i o n  of t h e  c a t a l y s t  i n  mineral  o i l  w a s  ob ta ined  by 
b a l l - m i l l i n g  t h e  as-prepared product.  
s h e l f  s t a b i l i t y ,  and enhanced e f f i c i e n c y  due t o  t h e  sma l l e r  p a r t i c l e  s i z e .  
No o t h e r  c a t a l y s t s  were cons ide red ,  s i n c e  most a r e  more e f f i c i e n t  i n  
producing t h e  u n d e s i r a b l e  c r y s t a l l i n e  polymer forms. 
Th i s  c a t a l y s t  has been 
The c a t a l y s t  has  d i sp l ayed  un l imi t ed  
MONOMERS 
Methyl v i n y l  e t h e r  w a s  ob ta ined  (50-lb c y l i n d e r )  from t h e  Matheson 
Company. 
i s o b u t y l - ,  n -decy l - ,  and c e t y l - v i n y l  e t h e r s ,  have been obtained i n  50 - lb  
l o t s  from General An i l ine  & F i l m  Company. 
ob ta ined  i n  varying s t a t e s  of p u r i t y ,  a s  assayed by vapor phase chroma- 
tography. Samples of t h e s e  monomers, which were i n i t i a l l y  r ece ived  from 
GAF, were analyzed f o r  p u r i t y ,  u s ing  vapor phase chromatography (VPC). 
They were found t o  be of low p u r i t y .  For example, t h e  n -bu ty l  monomer w a s  
found t o  have a p u r i t y  of 88% wi th  two i m p u r i t i e s ,  and t h e  n-decyl monomer 
contained seven i m p u r i t i e s  t h a t  amounted t o  70"/, of t h e  sample. 
r e s u l t s  were d i scussed  w i t h  t h e  GAF Commercial Development Department, 
and we were assured t h a t  high p u r i t y  monomers (>96X) could be d e l i v e r e d .  
This  proved t o  be t h e  c a s e ,  and a l l  o f  t h e  samples taken from t h e  second 
50-pound q u a n t i t i e s  of monomers were found t o  c o n t a i n  l e s s  t han  3% i m -  
p u r i t i e s ,  P u r i f i c a t i o n ,  when necessa ry  f o r  higher  molecular weight 
polymer, has been accomplished by f r a c t i o n a l  d i s t i l l a t i o n .  It was necessa ry  
t o  d i s t i l l  - n-decyl v i n y l  e t h e r  be fo re  any polymerizat ion a t  a l l  could b e  
i n i t i a t e d .  
Other a v a i l a b l e  monomers, namely e t h y l - ,  ?-propyl, 2 - b u t y l - ,  
These monomers have been 
These 
Two v i n y l  e t h e r  monomers, n-hexyl v i n y l  e t h e r  and phenyl v i n y l  e t h e r ,  
f ormer l y  a v a i  1 ab 1 e i n  deve 1 opment a 11 exper imen t a1 quant i t  es from Gen e ra1  
A n i l i n e  & F i l m  Company have been discont inued.  When asked by WRD t o  
supply t h e s e  needed monomers on a custom-synthesis b a s i s ,  GAF quoted 
p r i c e s  s o  p r o h i b i t i v e l y  high as t o  render  t h e  c o n s i d e r a t i o n  of  t h e s e  
monomers f o r  l a r g e - s c a l e  polymerizat ion impossible .  Upon subsequent 
recommendation of t he  p r o j e c t  o f f i c e r ,  t h e s e  poly(hexy1 ,vinyl e t h e r )  and 
poly(pheny1 v i n y l  e t h e r )  monomers were dropped from t h e  program. 
J; J.  L a l ,  J. E .  McGrath and G .  S .  T r i c h ,  J .  Polymer S c i . ,  e, 795 (1967) 
and r e f s .  l oc .  c i t .  
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A s m a l l  f e a s i b i l i t y  p r e p a r a t i o n  of hexyl v i n y l  e t h e r  w a s  performed 
by t h e  mercuric  a c e t a t e - c a t a l y z e d  exchange r e a c t i o n  between hexyl a l coho l  
and i s o - o c t y l  v i n y l  e t h e r .  A y i e l d  of ca. 50% w a s  obtained.  The y i e l d  
and p u r i t y  o f  t h e  product were s e r i o u s l y e f f e c t e d  by t h e  tendency of hexyl 
a l coho l  t o  c o - d i s t i l l  w i th  t h e  hexyl v i n y l  e t h e r .  Th i s  r e a c t i o n  i s  
probably on ly  accep tab le  f o r  t h e  p r e p a r a t i o n  of small amounts ( - 5 0 0  g)  of 
hexyl v i n y l  e t h e r ,  and w a s  n o t ,  t h e r e f o r e ,  a p p l i c a b l e  t o  a l a r g e - s c a l e ,  
s i n g l e - b a t c h  p r e p a r a t i o n  o f  t h i s  u n a v a i l a b l e  monomer. 
Typ ica l  p r o p e r t i e s  f o r  t h e  a l k y l  v iny l  e t h e r s  used on t h i s  program 
a r e  l i s t e d  i n  Table  I. 
POLYMERIZATIONS 
Homopolymerization of t h e  a l k y l  v i n y l  e t h e r s  was r e a d i l y  e f f e c t e d  by 
t h e  a d d i t i o n  of 1%) by volume, of t h e  i o n i c  c a t a l y s t ,  AHS,to t h e  monomer 
a t  t h e  d e s i r e d  temperature  wi th  s t i r r i n g  under n i t r o g e n .  Small-scale  
polymerizat ions were run  i n i t i a l l y  t o  determine whether bulk polymeriza- 
t i o n  o r  s o l u t i o n  homopolymerization produced t h e  more d e s i r a b l e  products .  
I t  was found t h a t  on ly  c e t y l  v i n y l  e t h e r  monomer could b e  e f f i c i e n t l y  
homopolymerized i n  bulk.  The o t h e r  monomers w e r e  polymerized i n  hexane 
s o l u t i o n s ,  except  methyl v iny l  e t h e r ,  which w a s  most e f f e c t i v e l y  run i n  
heptane . 
The homopolymerization r e a c t i o n  may be r ep resen ted  by t h e  following 
equa t ion :  
where R - f o r  t h i s  program included:  (1) methyl,  (2)  e t h y l ,  ( 3 )  2-propyl ,  
( 4 )  i s o b u t y l ,  (5)  - n - b u t y l ,  (6)  n-decyl  and (7)  c e t y l  (hexadecyl).  
Each of t h e  polymerizat ions i s  d i scussed  i n  d e t a i l  below. The 
polymer p r o p e r t i e s  are  l i s t e d  i n  Table  11. 
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TABLE I 
TYPICAL PROPERTIES OF THE ALKYL VINYL ETHER MONOMERS 
j I Melt ing  ' i i 
B o i l i n g  Poin t  : R e f r a c t i v e  i S p e c i f i c  ! Vinyl  E t h e r  j P o i n t  Temp O C  a t  mm Hg P r e s s u r e  Index i G r a v i t y  j 1 j *C 
I Methyl 
I E t h y l  i 
j n-Propyl 
i 
/ - n-Butyl 
i Isobutyl 
I - -  
I 
i 
1 , 
i Decyl 
1 C e t y l  
1 
I 
5 -6 ! ; -122 
I 
i 
! i -115.8 i 35 -6 
j 
j 
I 
-- 63 -4 
! 
! -92 93 - 94 
! i 
' -112 ! 
! 
i 1 
i -41 j 60-98 
j 
j 25 
83 
! 
! I I 
I i ! 
i 
: 16 i 142 
173 
i 
j 1.3947 $ 
1.3767 y 2o 
! 0.7694 5 7  
0.7589 - 20 
760 
4 7 60 
I 
2o 10.7680 - 20 
4 7 60 . 1.3902 -fi- 
20 2o 0.768 - 4 ; 1.3965 -D 77 760 
I 
20 25 i 0.812 - 4 5 i 1.4278 jj- 
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Vinyl 
Polymer 
Methyl 
E thy l  
n - P r o  py 1 - 
- n-Butyl 
I s o b u t y l  
- n-Decyl 
- n-Cetyl  
TABLE I1 
POLY (VINYL ETHER) SYNTHESIS 
Polymer Notebook 
Number q i n h  (Toluene) 
HA-225-21 
BJB -2 15 7 -27 
HA-225 -23 
B J B  -2 157 -2 1 
B J B  - 2 15 7 -3 1 
BJB-2157-26 
B J B  - 2 15 7 -28 
HA-225 -13A 
BJB-2157-32 
HA-225 -12 
b 
0.20 
0. 86a 
b 
0.78 
a 
3.0 
0.57 
2. 84a 
1. Olb 
b 
0.57 
b 0.16 
0.62a 
b 0.02 
0.7ga 
Po lymeriza t ion  
Method 
2677 S o l i d s  
i n  hexane 
39% S o l i d s  
i n  hexane 
22% S o l i d s  
i n  hexane 
22% S o l i d s  
i n  hexane 
37% S o l i d s  
i n  hexane 
55% S o l i d s  
i n  hexane 
Neat 
55% S o l i d s  
i n  hexane 
Neat 
Neat 
a Dried polymer b e f o r e  MEK r e s o l u t i o n  
Dried amorphous polymer a f t e r  MEK r e s o l u t i o n  
Comments 
Exothermic poly- 
m e r i z a t i o n ,  r ed -  
brown s o l i d  
Light  ye l low,  
anorphous e las tomer  
Off -whi te ,  t acky  
s o l i d  
Dark tacky  mass 
Light  yel low 
amorphous e las tomer  
White amorphous 
s o l i d  
Viscous)  amber 
l i q u i d  
Viscous amber 
l i q u i d ,  i n s o l u b l e  
i n  MEK 
Amber s o l i d  
Ye 1 1 ow wax ) 
i n s o l u b l e  i n  MEK 
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(1) Methyl Vinyl E the r  
Methyl v i n y l  e t h e r  i s  a gas a t  room temperature  (b ,p .  2OC)  and thus  
posed unique problems i n  polymerizat ion,  e s p e c i a l l y  on a l a r g e  scale. 
These problems were compounded by t h e  d i scove ry  t h a t  t h e  AHS c a t a l y s t  
f a i l e d  t o  i n i t i a t e  polymerizat ion a t  2 5 " .  
t a k e  p l a c e  a t  35" i n  heptane o r  xylene which r e q u i r e s  d i l u t i o n  o f  25-40% 
s o l i d s .  The polymers were obtained as amorphous s o l i d s  w i t h  i n h e r e n t  
v i s c o s i t i e s  o f  0.2-0.7. 
by merely bubbling t h e  gas i n t o  b o i l i n g  hexane con ta in ing  t h e  c a t a l y s t .  
The polymer, which p r e c i p i t a t e d  as i t  formed, had an i n h e r e n t  v i s c o s i t y  
of 0.26 ,  and t h e  same phys ica l  appearance as t h e  o t h e r  p r e p a r a t i o n s .  
Th i s  second method, a l though more s a t i s f a c t o r y  f o r  l a r g e r  s c a l e  prepara-  
t i o n s ,  produced a polymer which w a s  l e s s  s o l u b l e  i n  MEK than  polymer 
produced by t h e  f i r s t  method a t  t h e  25-407, s o l i d s  l e v e l ,  
Polymerizat ion w a s  found t o  
A second method more amenable t o  scale-up was 
( 2 )  - n-Butyl Vinyl Ether  
Two l a r g e - s c a l e  polymerizat ions o f  t h i s  monomer were performed on 
t h i s  program. The f i r s t  p r e p a r a t i o n  w a s  run  a t  22% s o l i d s  w i t h  an i n i t i a l  
r e a c t i o n  temperature of 20" w i t h  an exotherm t o  65" .  
an i n h e r e n t  v i s c o s i t y  of 3.0. I n  drying t h e  polymer, a f t e r  d i s s o l u t i o n  
i n  MEK, overheat ing produced polymer which w a s  r a t h e r  dark amber and ve ry  
tacky. The i n h e r e n t  v i s c o s i t y  was  reduced t o  0.57. T h i s  w a s  undoubtedly 
due t o  depolymerizat ion du r ing  drying.  A second polymerizat ion of n-butyl  
v i n y l  e t h e r  w a s  performed i n  hexane using 36% s o l i d s  t o  f a c i l i t a t e  s o l v e n t  
removal. Ca re fu l  drying of t h e  amorphous polymer gave a l i g h t  yel low 
amorphous m a s s  w i t h  i n h e r e n t  v i s c o s i t y  o f  1.0. 
The d r i e d  polymer had 
( 3 )  Ethy l  Vinyl Ether  
The e t h y l  v i n y l  e t h e r  was polymerized e s s e n t i a l l y  i n  t h e  same manner 
From a polymerizat ion a t  39% s o l i d s ,  a polymer wi th  r]inh 0.86 i n  
as t h e  b u t y l  homologue except t h a t  t h e  r e a c t i o n  temperature w a s  maintained 
a t  65" .  
t o l u e n e  was ob ta ined .  
( 4 )  I s o b u t y l  Vinyl Ether  
The as-received monomer would not  polymerize s u c c e s s f u l l y  and re- 
qu i r ed  d i s t i l l a t i o n  from calcium hydride.  When t h u s  p u r i f i e d ,  polymeriza- 
t i o n  was e a s i l y  performed as i n  t h e  previous cases; a t  t h e  55% s o l i d s  
l e v e l .  The product w a s  an amorphous wh i t e  s o l i d ,  vinh 0.57 i n  t o luene .  
( 5 )  C e t y l  Vinyl  E t h e r  
Two polymerizat ions were performed w i t h  t h i s  monomer w i t h  r e s u l t s  
ve ry  s i m i l a r  t o  t h a t  of t h e  decyl  .vinyl e t h e r .  Both r e a c t i o n s  were per-  
formed without  s o l v e n t  a t  100'. I n  t h e  i n i t i a l  r e a c t i o n  excess  c a t a l y s t  
was used as t h e  r e a c t i o n  was v e r y  slow. The product w a s  a semi-sol id  
l a r g e l y  MEK-soluble , w i t h  low i n h e r e n t  v i s c o s i t y  (0.02) i n d i c a t i n g  low 
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molecular  weight.  The second p r e p a r a t i o n  w a s  performed u s i n g  f r e s h l y  
prepared c a t a l y s t  and gave a yel low wax w i t h  an i n h e r e n t  v i s c o s i t y  of  
0.79. Th i s  polymer w a s  i n s o l u b l e  i n  MEK as w a s  t h e  high v i s c o s i t y  decyl  
v i n y l  e t h e r  ( c f .  below) again i n d i c a t i n g  s i d e  c h a i n - c r y s t a l l i z a t i o n .  
(6) 2-Decyl Vinyl Ether  
T h i s  monomer w a s  a l s o  u n s a t i s f a c t o r y  f o r  polymerizat ion a s - r ece ived  
and w a s  vacuum d i s t i l l e d  from calcium hydr ide ,  The i n i t i a l  l a r g e  polymeri- 
z a t i o n  w a s  performed wi thou t  so lven t  a t  110" t o  y i e l d  MEK-soluble polymer 
w i t h  t h e  low inhe ren t  v i s c o s i t y  of 0.16. A second polymerizat ion w a s  
performed i n  hexane a t  75-80" and t h e  product  had an i n h e r e n t  v i s c o s i t y  
of 0.62. Only about 5% of t h i s  polymer w a s  MEK so lub le .  The s o l u b l e  
product w a s  obtained a s  a mobile l i q u i d  wi th  an i n h e r e n t  v i s c o s i t y  of 
0.02. The i n s o l u b l e  p o r t i o n  had an i n h e r e n t  v i s c o s i t y  of 0.69. This  
i n s o l u b i l i t y  i s  i n d i c a t e  of c r y s t a l l i n i t y  which w a s  expected t o  occur i n  
the  s i d e  cha in  of t h e  long cha in  homologous wi th  i n c r e a s i n g  molecular 
weight.  
v i n y l  e t h e r .  
T h i s  phenomenon was a l s o  observed i n  t h e  case  of  c e t y l  (hexadecyl) 
(7)  - n-Propyl Vinyl Ether  
T h i s  monomer w a s  s u c c e s s f u l l y  polymerized as-received.  The r e a c t i o n  
w a s  run  a t  22% s o l i d s  w i t h  i n i t i a l  r e a c t i o n  temperature  of 30"C,  followed 
by exotherm t o  65°C. The d r i e d  polymer had an i n h e r e n t  v i s c o s i t y  of 0.78 
f o r  t h e  MEK-soluble p o r t i o n  which amounted t o  85% of t h e  t o t a l  polymer. 
With a previous r e a c t i o n  on a sma l l e r  s c a l e  run ,  t h e  r e s u l t i n g  polymer 
w a s  an amorphous s o l i d  w i t h  an i n h e r e n t  v i s c o s i t y  o f  2.74. 
REACTION PARAMXTERS 
The e f f e c t s  of t ime ,  temperature ,  c a t a l y s t  concen t r a t ion  and s o l i d s -  
percentage on molecular weight ,  as measured by inhe ren t  v i s c o s i t y ,  have 
been evaluated.  A s  expected,  t h e  hexane so lven t  system has proven amenable 
t o  s u c c e s s f u l  scale-up.  A d e f i n i t e  c a t a l y s t  concen t r a t ion  e f f e c t  has been 
found a t  t h e  500-gram sca le -up  l e v e l .  Conducting t h e  polymerizat ion a t  
20-22% s o l i d s  has given t h e  most s a t i s f a c t o r y  r e s u l t s .  I n  most c a s e s  t h e  
polymerizat ions w e r e  c a r r i e d  ou t  most r e a d i l y  i n  t h e  40"-65°C temperature  
range. The products  were g e n e r a l l y  ob ta ined  as v i scous  s o l u t i o n s  i n  hexane. 
Workup w a s  accomplished by so lven t - evapora t ion  o r  by me thano l -p rec ip i t a t ion  
and r e d i s s o l u t i o n  of amorphous polymer i n  methyl e t h y l  ketone. 
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POLYMER CHARACTERIZATION 
1. Molecular Weight Analysis  
L igh t  s c a t t e r i n g  molecular  weight ana lyses  were performed by D r .  
W i l l i a m  G. Stevens o f  WRD u s i n g  a Bryce-Phoenix l i g h t  s c a t t e r i n g  photometer. 
The p o l a r i z a b i l i t i e s  of t h e  polymer s o l u t i o n  were determined u s i n g  a 
Bryce-Phoenix d i f f e r e n t i a l  r e f r ac tomete r .  
f o r  d e p o l a r i z a t i o n .  The r e s u l t s  a r e  t a b u l a t e d  i n  Table 111. 
A l l  measurements were c o r r e c t e d  
TABLE I11 
MOLECULAR W E I G E S  OF POLY(ALKYL VINYL ETHERS) 
Alkyl Group 
Methyl 
(HA-225 -21) 
E thy l  
(B J B  -2 157 -27 ) 
- n-Propyl 
(HA-225-23) 
- n-Butyl 
(B J B  -2 15 7 -3 1) 
Is obu t y  1 - 
(B J B  -2 15 7 -2 6) 
- n-Decyl 
(HA-225 -13A)  
(BJB-2157 -28) 
S o l v e n t  
Toluene 
Toluene 
To luene 
Hexane 
Toluene 
Toluene 
Toluene 
- n-Hexadecyl(cety1) 
(HA-225 -12) Hexane 
( BJB-2157-32) Toluene 
DP C o m e n  t s -Mw -
6,840,000 142,000 Poss ib ly  f l u o r e s c e n t  
860,000 12,000 Poss ib ly  f l u o r e s c e n t  
60,5 00 700 
218,000 2,200 
807,000 8,000 
5,150,000 28,000 
469 (VPO) 
6,000,000 20,000 
359 (VPO) 
F luorescen t  
-- 
-- 
Fluorescent  
-- 
The molecular  weights  c i t e d  f o r  t h e  p ropy l  and e t h y l  v i n y l  e t h e r  
polymers are an upper l i m i t  v a l u e s ,  as s o l u t i o n  of t h e s e  polymers were 
f l u o r e s c e n t  i n  u l t r a v i o l e t  l i g h t .  These polymers should no t  be f l u o r e s c e n t  
and t h i s  phenomenon is  unexplained, and may be due t o  t h e  presence of 
s m a l l  amounts of s u l f u r i c  a c i d  from r e s i d u a l  c a t a l y s t .  This  a c i d  i s  known 
t o  f luo rescence  s t r o n g l y  t o  t h e  r a d i a t i o n  wavelengths used. 
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Two lower v i s c o s i t y  products  were prepared i n  s e p a r a t e  l a r g e - s c a l e  
ba t ches  t o  t h e  above p r e p a r a t i o n s ;  one from decyl  v i n y l  e t h e r  and one 
from cetyl  v i n y l  e t h e r .  
t o  be determined by l i g h t  s c a t t e r i n g .  These were done by vapor phase 
osmometry ( V P O ) .  These r e s u l t s  a r e  a l s o  i n d i c a t e d  i n  Table 11. 
These products  were of t o o  low a molecular weight 
2. X-Ray Analysis  of Poly(alky1 ,vinyl  e t h e r s )  
X-ray s t u d i e s  were a l s o  performed by D r .  W.  G .  Stevens of WRD us ing  
a Norelco v e r t i c a l  goniometer and s c i n t i l l a t i o n  counter .  The sample 
polymers were analyzed us ing  t h e  1% l i n e  of copper w i t h  t h e  d a t a  readout  
u s i n g  a Norelco Model 12206/7 e l e c t r o n i c  c i r c u i t  panel .  
The r e s u l t s  of t h e s e  ana lyses  i n d i c a t e d  t h a t  only one po ly (ce ty1  v i n y l  
e t h e r )  sample contained c r y s t a l l i n e  m a t e r i a l ,  A l l  of t h e  o t h e r  polyvinyl  
e t h e r s  were o rde red ,  b u t  no t  c r y s t a l l i n e .  These r e s u l t s  a r e  summarized 
i n  t h e  fol lowing Table I V .  Typical  X-ray d i f f r a c t i o n  p a t t e r n s  observed 
f o r  t h e  po lyv iny l  e t h e r s  a r e  shown i n  F igu res  1 and 2. The X-ray 
d i f f r ac tog ram shown i n  Figure 1 i s  t y p i c a l  of a l l  the polyvinyl  e t h e r s  
except t h e  c e t y l  case.  The h a l o  occur r ing  a t  4.76 was observed f o r  a l l  
samples and w a s  roughly a t  t h e  same p o s i t i o n  f o r  each (see Table  I V  and 
unde r l ined  d spacings f o r  h a l o s ) .  The p o s i t i o n  of t h e  ha lo  shown i n  
F igu re  1 a t  10.28A w a s  observed t o  v a r y  wi th  t h e  l eng th  of t h e  s i d e  cha in  
a s  i s  shown i n  F igu re  3 .  I n  two samples,  c e t y l  and - n-bu ty l ,  a t h i r d  ha lo  
w a s  observed, however, b u t  no conclusions have been drawn concerning i t s  
o r i g i n .  
The X-ray d i f f r a c t o g r a m  (Figure 2 )  of p o l y c e t y l  v i n y l  e t h e r  ( E J B -  
2159-32) w a s  t h e  only c r y s t a l l i n e  d i f f r ac tog ram observed i n  t h i s  i n v e s t i -  
g a t i o n ,  Compared wi th  t h e  r e s u l t s  shown i n  F igu re  1, t h e  sha rp  peaks 
shown i n  F igu re  2 obviously correspond t o  c r y s t a l l i n e  m a t e r i a l  i n  t h i s  
sample and t h e  broad h a l o ,  a r e a  C ,  r e s u l t s  from s c a t t e r i n g  of X-rays by 
n o n c r y s t a l l i n e  m a t e r i a l .  T h e o r e t i c a l l y ,  t h e  t o t a l  r a d i a t i o n  s c a t t e r e d  
from a m a s s  of m a t e r i a l s  i s  independent of t h e  p h y s i c a l  s t a t e  of t h e  
m a t e r i a l ,  t hus  t h e  pe rcen t  c r y s t a l l i n i t y  of t h i s  m a t e r i a l  was c a l a c u l a t e d  
by determining t h e  a r e a s  under t h e  curve A + E + C + D and then  t a k i n g  
t h e  fol lowing c a l c u l a t i o n :  
(A+B+D) x 100 
A+B+C+D 2 c r y s t a l l i n i t y  = 
The main conclusion from t h i s  i n v e s t i g a t i o n  i s  t h a t  none o f  t h e  poly- 
,vinyl  e t h e r s  prepared on t h i s  program are ve ry  c r y s t a l l i n e ,  on t h e  b a s i s  
of X-ray d i f f r a c t i o n  a n a l y s i s .  
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TABLE IV 
X-RAY DIFFRACT ION ANALYSIS 
OF POLYVINYL ETHERS 
d Spacings 
Polyvinyl  Ether  Halos A" Peaks 
Ce ty l  (BJB-2157-32) 4.53 40 .2 ,  14.7, 4.11 
Cety l  8.85, 4 .14 ,  2.26 
Decyl 21.4,  4.68 -- 
- n-Butyl 29.4 ,  10 .5 ,  4.48 -- 
n-Butyl (unresolved)  11.02, 4.66 -- - 
I s o b u t y l  ( i n so lub le )  10.28, 4.76 -- 
I sobu ty l  (unresolved)  10.05 , 4.87 -- 
-- Ethy l  7 . 7 7 ,  4.27 
Methyl ( so lub le  i n  
MEK) 6.58 ,  4.35 
Methyl ( in so lub le  
HA-225 -14 )  6 .32 ,  4.23 
Polyethylene;'; 4.53 
..- 
4.15, 3.74 
% 
X t a 1 1 i n i  t y 
9.5 
<1 
<1 
<1 
<1 
<1 
<1 
<1 
<1 
<1 
38.6 
9: Included f o r  r e fe rence  purposes only.  
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EXPERIMENTAL 
Methyl Vinyl E the r  
A charge of 17.3 kg of t h e  monomer w a s  condensed i n t o  45 kg of d ry  
heptane s o l v e n t .  The heptane w a s  d r i e d  ove rn igh t  over CaC12. 
w a s  hea t ed  i n i t i a l l y  t o  30°C and 0.17 kg AHS c a t a l y s t  added t o  i n i t i a t e  
polymerizat ion.  The s o l u t i o n  w a s  s t i r r e d  r a p i d l y  t o  ensure maximum 
homogeneity i n  polymerizat ion,  with an e f f i c i e n t  d ry  i c e  coo l ing  system 
employed t o  handle  t h e  exothermic r e a c t i o n .  During t h e  polymerizat ion,  
t h e  temperature  r o s e  t o  89OC. 
t u r e  r e t u r n e d  t o  about 40°C. 
t h e  newly-formed polymer would cha r  i f  allowed t o  s e t t l e  a t  89°C i n  t h e  
r e a c t  i on  v e s s e l .  ) 
The s o l u t i o n  
S t i r r i n g  w a s  continued u n t i l  t h e  tempera- 
(Note: I t  w a s  found t h a t  without  s t i r r i n g  
The second method f o r  methyl v i n y l  e t h e r  polymerizat ion r equ i r ed  less 
of a c o o l i n g  system. The same amounts o f  heptane (45 kg) and c a t a l y s t  AHS 
(0.17 kg) were i n i t i a l l y  added t o g e t h e r  and heated t o  60°C. The monomer 
w a s  bubbled i n t o  t h e  heated s o l u t i o n  wi th  polymerizat ion maintaining t h e  
temperature  a t  60"-65"C without  e x t e r n a l  hea t ing .  
by t h i s  second method was l a r g e l y  i n s o l u b l e  i n  MEK. 
The polymer prepared 
E thy l  Vinyl Ether  
A charge of 13.2 kg of t h e  monomer w a s  d i s so lved  i n  50.8 kg of  dry 
hexane s o l v e n t .  With the  s o l u t i o n  c o n s t a n t l y  s t i r r e d ,  0.15 kg AHS c a t a l y s t  
w a s  added a t  room temperature .  The temperature  slowly r o s e  t o  30"C, a t  
which p o i n t  t h e  polymerizat ion proceeded r a p i d l y ,  w i th  exo the rmic i ty  t o  65"C, 
w i t h  l a r g e  amounts of so lven t  evaporat ing o f f  i n  t h e  process .  
n-Propyl Vinyl E the r  
An a v a i l a b l e  t o t a l  of 6.2 kg of t h e  monomer w a s  d i s so lved  i n  19.5 kg 
of d r y  hexane. The s o l u t i o n  w a s  s t i r r e d  vigorously a t  room temperature  
and 0.08 kg AHS c a t a l y s t  w a s  added t o  i n i t i a t e  polymerization. The 
temperature  inc reased  s lowly t o  65"C, t h e  so lven t  w a s  removed from t h e  
v i scous  s o l u t i o n ,  and t h e  product w a s  recovered a f t e r  r e d i s s o l u t i o n  i n  
MEK. The y i e l d  w a s  5.1 kg which w a s  d e l i v e r e d .  
- n-Butyl Vinyl Ether  
14 kg o f  t h e  monomer w a s  d i s s o l v e d  i n  24.4 kg of d ry  hexane. Then 
0.17 kg AHS c a t a l y s t  w a s  added t o  t h e  s o l u t i o n  a t  room temperature .  The 
temperature  r o s e  v e r y  slowly t o  65 O C  w i t h  polymerizat ion occur r ing  along 
w i t h  r e f l u x  of s o l v e n t .  The product  w a s  i s o l a t e d  a s  above, by d i s s o l u t i o n  
i n  MEK a f t e r  s o l v e n t  removal. 
14 
- Iso-Butyl  Vinyl E the r  
24 kg of t h e  monomer w a s  d i s s o l v e d  i n  24 kg of dry hexane. Then 
0.39 kg of t h e  c a t a l y s t  AHS w a s  added t o  t h e  s o l u t i o n  a t  room temperature  
wi th  cons t an t  s t i r r i n g .  
w i th  n e a r l y  complete removal o f  hexane so lven t  by d i s t i l l a t i o n  during 
polymerizat ion.  
The temperature reached maximum of 65°C v igo rous ly  
Decyl Vinyl  Ether  
23 kg of t h e  d i s t i l l e d  monomer was d i s so lved  i n  19.5 kg of dry 
hexane. The s o l u t i o n  w a s  t hen  heated t o  r e f l u x  and 0.28 kg AHS c a t a l y s t  
w a s  added t o  i n i t i a t e  polymerizat ion.  
observed. Af t e r  2 days of s t i r r i n g  a t  r e f l u x ,  t h e  polymerizat ion appeared 
complete by i n f r a r e d  spectroscopcy.  The product w a s  i s o l a t e d  as above. 
A s l i g h t  exotherm t o  85°C w a s  
Hexadecyl(cety1) Vinyl Ether  
13.0 kg of t h e  bu lk  monomer w a s  placed under an atmosphere of n i t r o g e n  
w i t h  e f f i c i e n t  s t i r r i n g .  
c a t a l y s t  added f o r  polymerizat ion.  The hea t  source was removed when t h e  
exothermic polymerizat ion reached 120°C. 
3 hours  t o  complete polymerization. 
The monomer was heated t o  60°C wi th  0.15 kg AHS 
This  r e a c t i o n  r equ i r ed  only 
AHS P r e p a r a t i o n  
A charge of 30 g of aluminum s u l f a t e  oc t adecy lhydra t e ,  A12(S04)3-18H20, 
w a s  added t o  150 m l  of concentrated s u l f u r i c  a c i d  w i t h  s t i r r i n g .  The 
temperature spontaneously i n c r e a s e s  t o  36°C. The s o l u t i o n  was heated 
slowly t o  90°C and s t i r r e d  a t  t h a t  temperature  f o r  1 hour. 
w a s  t hen  cooled t o  10°C and 1 l i t e r  of anhydrous e t h e r  was added very 
c a r e f u l l y .  (Caution: Exothermic r e a c t i o n  a t  t h i s  po in t  caused e t h e r  t o  
be expe l l ed  r a p i d l y  i f  t h e  a d d i t i o n  r a t e  w a s  t o o  f a s t . )  The w h i t e  
p r e c i p i t a t e  was allowed t o  s e t t l e ,  t h e  e t h e r  l a y e r  w a s  siphoned o f f ,  w i t h  
t h e  e t h e r  wash r epea ted  10  t imes o r  more. The f i n a l  e t h e r e a l  s l u r r y  was 
f i l t e r e d  and t h e  powdery white  p r e c i p i t a t e  w a s  c o l l e c t e d  and d r i e d .  The 
c a t a l y s t  suspension w a s  t hen  prepared us ing  10.9 g of t h i s  s o l i d  i n  534 
g of Nujol ,  w i th  b a l l - m i l l i n g  i n  a jar  m i l l  f o r  24 hours.  The suspension 
was s t o r e d  i n  a s e a l e d  v e s s e l  and withdrawn w i t h  a hypodermic sy r inge  as 
needed under n i t r o g e n ,  a f t e r  shaking t h e  c o n t a i n e r .  
The s o l u t i o n  
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CONCLUDING REMARKS 
The large-scale synthesis of amorphous poly(viny1 ethers) using the 
aluminum hydrosulfate catalyst system in hydrocarbon solvent has been 
demonstrated. The lower members of the homologous polymer series were 
amorphous, elastomeric masses, soluble in methyl ethyl ketone, whereas 
the higher members tended to be insoluble. 
evidence, this solubility has been attributed to increasing hydrocarbon- 
like character to the polymer. These high molecular-weight, long side- 
chain-systems show negligible crystallinity, and retain solubility in 
hydrocarbon solvent. 
Based on several types of 
The poly(cety1 vinyl ether) was obtained as a resilient solid material, 
which would appear to have potential as a molding material. This modifi- 
cation was obtained by facile bulk polymerization. 
RECOMMENDATIONS FOR F'UTURE RESEARCH 
It would be most informative to prepare other more interesting 
structurally-modified polyvinyl ethers, for comparison of effect on 
viscoelastic properties. Among the more interesting candidates for the 
amorphous polymerization would be cyclopropylvinyl ether, cyclohexylvinyl 
ether and adamantylvinyl ether. The batch size would be much smaller 
owing to the necessity to synthesize the needed monomers. 
Another interesting area for desired research in this area would be 
a study of simple efficient curing procedure for the various vinyl ether 
hompolymers. Correlations could then be made of the effect on viscoelastic 
properties between the linear systems and their cross-linked analogues. 
Both these areas would be of  fundamental interest to proposed follow- 
on research in this area, 
16 
APPENDIX 
DISTRIBUTION LIST FOR FINAL TECHNICAL REPORT 
Copies 
1 
2 
1 
1 
2 
3 
1 
20 
1 
1 
Rece ip ien t  
NASA Headquarters  
Washington, D .C.  20546 
Con t rac t ing  O f f i c e r  
NASA L e w i s  Research Center  
21000 Brookpark Road 
Cleveland , Ohio 44135 
O f f i c e  of  Technica l  Informat ion  
NASA Manned Spacec ra f t  Center  
Houston, Texas 77001 
O f f i c e  of Technica l  Informat ion  
NASA Marsha l l  Space F l i g h t  Center  
Hun t sv i l l e  , Alabama 35812 
O f f i c e  of  Techn ica l  Informat ion ,  MS-1P 
Technica l  L ib ra ry  
Dale Burrows S&E - ASTN - PJ 
J e t  Propuls ion  Laboratory 
4800 oak Grove Drive 
Pasadena, C a l i f o r n i a  91103 
Louis Toth  
Ch ie f ,  Liquid Propuls ion  Technology RPL 
O f f i c e  of  Advanced Research and Technology 
NASA Headquarters  
Washington, D.C .  20546 
D i r e c t o r ,  Technology U t i l i z a t i o n  Div is ion  
O f f i c e  o f  Technology U t i l i z a t i o n  
NASA H e  ad q u a r t  e r s 
Washington, D . C .  20546 
Designee 
X 
X 
X 
X 
X 
X 
X 
X 
X 
NASA S c i e n t i f i c  and Technica l  Informat ion  F a c i l i t y  X 
P.O. Box 33 
Col lege  Park,  Maryland 20740 
D i r e c t o r ,  Launch Vehic les  and Propuls ion ,  SV 
O f f i c e  of  Space Science and App l i ca t ions  
NASA Head q u a r t e r s  
Washington, D . C .  20546 
D i r e c t o r ,  Advanced Manned Miss ions ,  MT 
O f f i c e  of  Manned Space F l i g h t  
NASA Headquarters  
Washington, D.C. 20546 
X 
X 
17 
Copies Receipient  Designee 
NASA Pasadena O f f i c e  
4800 Oak Grove Drive 
Pasadena, C a l i f o r n i a  91103 
P a t e n t s  and Con t rac t s  Management 1 X 
Western Support O f f i c e  
150 Pic0 Boulevard 
San ta  Monica, C a l i f o r n i a  90406 
O f f i c e  of Techn ica l  Information 1 X 
J e t  Propuls ion Laboratory 
4800 Oak Grove Drive 
Pasadena, C a l i f o r n i a  91103 
D .  D .  Lawson, Technical  Monitor 1 X 
NASA F ie ld  Cen te r s  
Ames Research Center 
Moffet t  F i e l d ,  Califo,xnia 94035 
Hans M. Mark 
Goddard Space F l i g h t  Center 
Greenbel t  , Maryland 2077 1 
Merland L. Moseson 
Code 620 
J e t  Propuls ion Laboratory 
C a l i f o r n i a  I n s t i t u t e  of Technology 
4800 Oak Grove Drive 
Pasadena, C a l i f o r n i a  91103 
Henry Burlage,  Jr. 
Propuls ion D i v .  38 
1 Ed Cortwright  
D i rec to r  
Langley Research Center 
Langley S t a t i o n  
Hampton, V i r g i n i a  23365 
1 L e w i s  Research Center  
21000 Brookpark Road 
Cleveland , Ohio 44135 
D i r e c t o r  
Marshal l  Space F l i g h t  Center 
H u n t s v i l l e  , Alabama 35812 
Hans G .  Paul  
Code R-P & VED 
Manned Spacec ra f t  Center  
Houston, Texas 77001 
J. G .  Thibodaux, Jr. 
Ch ie f ,  Prop. & Power 
Div . 
John F. Kennedy Space Cen te r ,  NASA 
Cocoa Beach, F l o r i d a  32931 
D r .  Kurt H. Debus 
Western Operat ions Of f i ce  
150 P ic0  Boulevard 
San ta  Monica, C a l i f o r n i a  90406 
Robert W.  Kamm, 
D i r e c t o r  
18 
1 
1 
1 
1 
1 
Receipient  Designee 
Government I n s t a l l a t i o n s  
A i r  Force M i s s i l e  T e s t  Center  
P a t r i c k  A i r  Force Base,  F l o r i d a  
L. J .  U l l i a n  
Space and M i s s i l e  Systems Organizat ion Colonel C la rk  
A i r  Force Unit Post O f f i c e  Technical  Data Center  
Los Angeles,  C a l i f o r n i a  90045 
Arnold Engineering Development Center  D r .  H. K.  Doetach 
Arnold A i r  Force S t a t i o n  
Tullahoma, Tennessee 37388 
Bureau of Naval Weapons 
Department of t h e  Navy 
Washington, D.C . 20546 
J. Kay, RTMS-41 
Defense Documentation Center  Headquarters 
Cameron S t a t i o n ,  Bui lding 5 
5010 Duke S t r e e t  
Alexandria ,  V i r g i n i a  22314 TISIA 
Headquarters ,  U .  S .  A i r  Force 
Washington, D . C .  20546 
P ica t inny  Arsenal 
Dover, New J e r s e y  07801 
Colonel C .  K .  Stambaugh 
AFRST 
T .  F o r s t e n ,  Chief 
Liquid Propuls ion 
Labora t o ry  
A i r  Force Rocket Propuls ion Laboratory RPRPD/Mr, H. Main 
Research and Technology Div i s ion  
A i r  Force Systems Command 
E d w a r d s  , C a l i f o r n i a  93523 
U.S. Army M i s s i l e  Command 
Redstone Arsenal 
Alabama 35809 
U.S. Naval Ordnance Tes t  S t a t i o n  
China Lake, C a l i f o r n i a  93557 
Aeronau t i ca l  Systems Div i s ion  
A i r  Force Systems Command 
Wright-Pat terson A i r  Force Base, 
Ohio 45433 
A i r  Force M i s s i l e  Development Center  
Holloman A i r  Force Base, 
New Mexico 88330 
M r .  Walter Wharton 
Code 4562 
Ch ie f ,  Missile 
Propuls ion Div. 
D.  L. Schmidt 
Code ASRCNC-2 
Major R.  E.  Bracken 
19 
Copies 
1 
1 
1 
1 
1 
1 
1 
1 
Receipient  Designee 
CPIA 
Chemical Propuls ion Information Agency 
App 1 i e d Phys ics  Lab o r  a t  o ry  
8621 Georgia Avenue 
S i l v e r  Spr ing ,  Maryland 20910 
Tom Reedy 
I n d u s t r y  Con t rac to r s  
Aerojet-General Corporat ion 
P.O. Box 296 
Azusa, C a l i f o r n i a  91703 
W .  L. Rogers 
Aero j e t  -General Corporat ion R .  S t i f f  
P.O. Box 1947 
Techn ica l  L i b r a r y ,  Bldg. 2015, Dept. 2410 
Sacramento, C a l i f o r n i a  95809 
Space Div i s ion  
Aerojet-General Corporat ion 
9200 Eas t  F l a i r  Drive 
E l  Monte, C a l i f o r n i a  
Aerospace Corporat ion 
2400 East  E l  Segundo Boulevard 
P.O. Box 95085 
Los Angeles , C a l i f o r n i a  90045 
A t l a n t i c  Research Company 
E d s a l l  Road and S h i r l e y  Highway 
Alexandria ,  V i r g i n i a  22314 
Avco Systems Div i s ion  
Wilmington, Massachusetts 
Beech A i r c r a f t  Corporat ion 
Boulder Divis ion 
Box 631 
Boulder , Colorado 
B e l l  Aerosystems Company 
P.O. Box 1 
Buf fa lo ,  New York 14240 
Bellcomm 
955 L'Enfant  P laza ,  S.W. 
Washington, D . C .  
S . Machlawski 
John G .  Wilder 
MS-2293 
D r .  Ray Friedman 
Howard B .  Winkler 
J .  H. Rodgers 
W .  M. Smith 
H. S. London 
20 
Receip ien t  D e  siirnee 
1 Bendix Systems Div i s ion  
Bendix Corpora t ion  
3300 Plymouth Road 
Ann Arbor ,  Michigan 48105 
1 
1 
Boeing Company 
P.O. Box 3707 
S e a t t l e ,  Washington 98124 
B oe i n g  Company 
1625 I< S t r e e t ,  N.W. 
Washington, D.C.  20006 
Missile Div i s ion  
Chrys le r  Corpora t ion  
P.O. Box 2628 
D e t r o i t ,  Michigan 48231 
Wright Aeronaut ica l  D iv i s ion  
Curt is-Wright  Corpora t ion  
Woodridge, New Je r sey  07075 
Research Center  
F a i r c h i l d  H i l l e r  Corpora t ion  
Germantown , Maryland 
Republ ic  Av ia t ion  Corpora t ion  
F a i r c h i l d  H i l l e r  Corpora t ion  
Farmingdale,  Long I s l a n d ,  New York 
General  Dynamics, Convair D iv i s ion  
L ib ra ry  EL Informat ion  Se rv ices  (128-00) 
P.O. Box 1128 
San Diego, C a l i f o r n i a  92112 
Missile and Space Systems Center  
General  E l e c t r i c  Company 
Va l l ey  Forge Space Technology Center  
P.O. Box 8555 
P h i l a d e l p h i a ,  Pennsylvania  
Grumman A i r c r a f t  Engineer ing Corpora t ion  
Bethpage, Long I s l a n d ,  New York 11714 
Honeywell, Inc .  
Aerospace Div i s ion  
2600 Ridgway Road 
Minneapol is ,  Minnesota 
John M. Brueger 
J .  D. Alexander 
W .  W .  Kann 
L ib ra ry  
John Gates 
G .  Kel ley 
Ralph Hal l  
L ib ra ry  
Frank Dore 
F. Mezger 
F. E .  Schu l t z  
Joseph Gavin 
Gordon H a r m s  
Copies 
1 
Receipient  Des ignee 
Hughes A i r c r a f t  Company 
Aerospace Group 
Cen t ine l a  and Teale  S t r e e t s  
Culver C i t y ,  C a l i f o r n i a  90230 
F.  H. Meter 
V.P. and Div. Mgr. 
Research & Development 
D i v .  
Walter Kidde and Company, Inc.  
Aerospace Operat ions 
567 Main S t r e e t  
B e l l e v i l l e ,  New J e r s e y  
1 R.  J .  Hanv i l l e  
D i r .  of Research 
Engine e r i n g  
Ling -T emco -Vought Corporat ion 
P.O. Box 5907 
D a l l a s ,  Texas 75222 
Warren G .  T ren t  
Arthur  D. L i t t l e ,  Inc.  
20 Acorn Park 
Cambridge, Massachusetts 02140 
Library 
1 J .  G u i l l  Lockheed Missiles and Space Company 
ATTN: Technical  Information Center 
P.O. Box 504 
Sunnyvale, C a l i f o r n i a  94088 
Library Lockheed Propuls ion Company 
P.O. Box 111 
Redlands, C a l i f o r n i a  92374 
The Marquardt Corporat ion 
16555 S a t i c o y  S t r e e t  
Van Nuys, C a l i f o r n i a  91409 
Libra ry  
Bal t imore D i v i s i o n  
Martin Marietta Corporat ion 
Bal t imore,  Maryland 21203 
John Ca la thes  (3214) 
Denver Div i s ion  
Mart in  Marietta Corporat ion 
P.O. Box 179 
Denver, Colorado 80201 
D r .  Morganthaler 
A. 3. Kullas  
1 Astropower Laboratory 
McDonnell Douglas A s t r o n a u t i c s  Company 
2121 Campus Drive 
Newport Beach, C a l i f o r n i a  92663 
D r .  George Moe 
D i r e c t o r ,  Research 
Astrosystems I n t e r n a t i o n a l ,  Inc.  
1275 Bloomfield Avenue 
F a i r f i e l d ,  New Je r sey  07007 
A. Mendenhall 1 
22 
Copies Receipient  Designee 
1 M i s s i l e  and Space Systems Div i s ion  M r .  R .  W .  H a l l e t  
McDonnell Douglas As t ronau t i c s  Company 
3000 Ocean Park Boulevard Adv. Space. Tech. 
San ta  Monica, C a l i f o r n i a  90406 
Chief Engineer 
1 
1 
1 
1 
Space G Information Systems Div i s ion  L ib ra ry  
North American Rockwell 
12214 Lakewood Boulevard 
Downey, C a l i f o r n i a  90241 
Rocketdyne (L ib ra ry  586-306) 
6633 Canoga Avenue 
Canoga Park,  C a l i f o r n i a  91304 
Northrop Space Labora to r i e s  
3401 West Broadway 
Hawthorne , C a l i f o r n i a  90250 
Aeronutronic Div i s ion  
P h i l c o  Corporat ion 
Ford Road 
Newport Beach, C a l i f o r n i a  92663 
As t ro -E lec t ron ic s  Divis ion 
Radio Corporat ion o f  America 
P r ince ton ,  New J e r s e y  08540 
Rocket Research Corporat ion 
520 South Port land S t r e e t  
S e a t t l e ,  Washington 98108 
Sunstrand Av ia t ion  
2421 11 th  S t r e e t  
Rockford, I l l i n o i s  61101 
Stanford Research I n s t i t u t e  
333 Ravenswood Avenue 
Menlo Park,  C a l i f o r n i a  94025 
TRW Systems Group 
TRW Incorpora t ed  
One Space Park 
Redondo Beach, C a l i f o r n i a  90278 
Thiokol Chemical Corporat ion 
Aerospace S e r v i c e s  
E lk ton  Div i s ion  
B r i s t o l ,  Pennsylvania 
D r .  R.  J .  Thompson 
S .  F. I a c o b e l l i s  
D r .  W i l l i a m  Howard 
D .  A. Gar r i son  
Y. B r i l l  
Foy McCulIough , Jr. 
R.  W. Reynolds 
D r .  Gerald Marksmen 
G.  W. Elverum 
L ib ra ry  
23 
Copies 
1 
1 
1 
Receipient  
Research Labora to r i e s  
United A i r c r a f t  Corporat ion 
400 Main S t r e e t  
East  H a r t f o r d ,  Connecticut 06108 
Hamilton Standard Div i s ion  
United A i r c r a f t  Corporat ion 
Windsor Locks, Connecticut 06096 
United Technology Center 
587 Methilda Avenue 
P.O. Box 358 
Sunnyvale, C a l i f o r n i a  94088 
Republic Av ia t ion  Corporat ion 
Farmingdale,  Long I s l a n d ,  New York 
Space General Corporat ion 
9200 East F l a i r  Avenue 
E l  Monte, C a l i f o r n i a  91734 
Thiokol Chemical Corporat ion 
H u n t s v i l l e  D iv i s ion  
H u n t s v i l l e ,  Alabama 
Calmec Manufacturing Corporat ion 
5825 Dis t r ic t  Boulevard 
Los Angeles,  C a l i f o r n i a  90022 
Car l e ton  Controls  Corporat ion 
East Aurora,  New York 14052 
J. C .  C a r t e r  Company 
671 W. Seventeenth S t r e e t  
Costa  Mesa, C a l i f o r n i a  92626 
Holex Incorporated 
2751 San Juan Road 
H o l l i s t e r  , C a l i f o r n i a  95023 
Parker A i r c r a f t  
5827 W .  Century Boulevard 
Los Angeles,  C a l i f o r n i a  90009 
Pelmec Div i s ion  
Quant ic  I n d u s t r i e s ,  Inc.  
1011 Commercial S t r e e t  
San C a r l o s ,  C a l i f o r n i a  
Designee 
E r l e  Mart in  
R.  Hatch 
D r .  David Altman 
D r .  W i l l i a m  O'Donnell 
C .  E .  Roth 
John Goodloe 
L ib ra ry  
L ib ra ry  
L ib ra ry  
Library 
Library 
L ib ra ry  
24 
Copies Rec ip i en t  
1 Pyrone t i c s ,  Inc .  
10025 Shoemaker Avenue 
San ta  Fe Spr ings  , C a l i f o r n i a  90670 
Designee 
L ib ra ry  
1 S t r a t o s  Western L i b r a r y  
Div i s ion  of F a i r c h i l d - H i l l e r  Corpora t ion  
1800 Rosecrans Boule.vard 
Manhattan Beach, C a l i f o r n i a  
1 S o l a r  D iv i s ion  of I n t e r n a t i o n a l  
Harvester Company 
2200 P a c i f i c  Avenue 
San Diego, C a l i f o r n i a  
1 Vacco Valve Company 
10350 Vacco S t r e e t  
South E l  Monte, C a l i f o r n i a  
1 Valcor  Engineer ing Corpora t ion  
365 Carnegie  Avenue 
Keni lworth,  New J e r s e y  07033 
1 Vickers  , Inc .  
D iv i s ion  of Sper ry  Rand Corpora t ion  
2160 E .  Imper i a l  Highway 
E l  Segundo, C a l i f o r n i a  
1 Whit taker  Corpora t ion  
9601 Canoga Avenue 
Chatsworth , C a l i f o r n i a  913 11 
1 Wintec Corpora t ion  
343 Glasgow 
Inglewood, C a l i f o r n i a  
L ib ra ry  
L ib ra ry  
Library  
L ib ra ry  
L ib ra ry  
L ib ra ry  
25 
